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Abstract
Introduction: In China, phlebotomy practice is mostly executed by nurses instead of phlebotomists. Our hypothesis was that these nurses may lack 
of knowledge on phlebotomy, especially factors influencing quality of blood samples. This study aims to assess the overall nurses’ knowledge on 
phlebotomy to provide reference for improving blood sampling practice in China. 
Materials and methods: A survey was conducted involving nurses from 4 regions and 13 hospitals in China. A phlebotomy knowledge questi-
onnaire was designed based on the Clinical and Laboratory Standards Institute H3-A6 guidelines, combining with the situations in China. Descriptive 
analysis and binary logistic regression analysis were used to analyze the knowledge level and its influencing factors.
Results: A total of 3400 questionnaires were distributed and 3077 valid questionnaires were returned, with an effective return rate of 90.5%. The 
correct rates of patient identification, hand sanitization, patient assessment, tube mixing time, needle disposing location and tube labelling were 
greater than 90%. However, the correct rates of order of draw (15.5%), definition of an inversion (22.5%), time to release tourniquet (18.5%) and 
time to change tube (28.5%) were relatively low. Binary logistic regression analysis showed that the correct rates of the aforementioned four questi-
ons were mainly related to the regional distribution of the hospitals (P < 0.001).
Conclusions: The knowledge level on phlebotomy among Chinese nurses was found unsatisfactory in some areas. An education program on phle-
botomy should be developed for Chinese nurses to improve the consistency among different regions and to enhance nurse’s knowledge level on 
phlebotomy.
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Venous blood sampling is an important procedure 
affecting laboratory results. It consists of several 
discrete steps, including patient preparation, col-
lection and handling of blood specimens, and 
each step is prone to errors. Since laboratory re-
sults are the basis for 60 - 80% of medical deci-
sions, any error in the phlebotomy process could 
cause serious consequences (1). Studies have re-
ported that up to 65% of laboratory errors oc-
curred in the pre-analytical phase, and this phase 
has been proved difficult to standardize (2).
The quality of venous blood specimen collected in 
the pre-analytical phase has a close relationship 
with knowledge on phlebotomy (3). Thus, evaluat-
ing the phlebotomy knowledge could be the first 
step in reducing specimen rejection and improv-
ing specimen quality. Some European and African 
studies have shown that healthcare professionals 
had an inadequate knowledge or imperfect prac-
tices of phlebotomy (4-6). The correct rates of pa-
tient identification, wearing gloves, tourniquet ap-
plication time, order of draw, mixing of tubes were 
found to be unacceptably low (4-6). A question-
naire survey in Turkey revealed that nurses’ aware-
ness of blood sample collection procedures need-
ed to be improved (7).
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In some European countries (the Netherlands, Bel-
gium, Ireland and the United Kingdom) and the 
United States, venous blood samples are collected 
by phlebotomist, who have received professional 
phlebotomy education and practice training (3,8). 
Moreover, a well-documented instruction for phle-
botomy is usually available during sampling pro-
cess in these countries. The Clinical and Laborato-
ry Standards Institute (CLSI) H3-A6 Procedures for 
the Collection of Diagnostic Blood Specimens by 
Venipuncture; Approved Standard-Sixth Edition 
(CLSI H3-A6 guidelines) and World Health Organi-
zation (WHO) Guidelines on Drawing Blood: Best 
Practices in Phlebotomy were two widely used 
phlebotomy guidelines in European countries 
(1,3,9,10). 
In China, blood specimen collection is mainly per-
formed by nurses. There is little systematic train-
ing on blood specimen quality control in Chinese 
nursing education (11). In addition, there are no 
national guidelines in China and the phlebotomy 
regulations vary widely among different hospitals 
(12). Since laboratories in China have little collabo-
ration with nursing departments, nurses received 
inadequate guidance from laboratory staff on im-
proving blood specimen quality (11). Limited liter-
ature showed that one of the biggest issues result-
ing in low-quality blood specimen in China was 
nurses’ inadequate knowledge on blood speci-
men collection, particularly regarding patient 
preparation and the sampling phase of blood 
specimen collection (13). Therefore, our hypothe-
sis was that Chinese nurses may lack of knowledge 
on phlebotomy, especially factors influencing 
quality of blood samples. The survey was carried 
out to assess the knowledge on venous blood 
sampling among Chinese clinical nurses in tertiary 
hospitals, to provide references for improving 
blood sampling practice in China.
Materials and methods
Study design 
A multistage sampling was used in this study. In 
the first stage, a stratified sampling was used to 
select 13 Grade A tertiary hospitals (representing 
the highest level of hospitals in China) from 4 eco-
nomic regions of China. Specialized hospitals and 
the hospitals unwilling to participate were exclud-
ed. After that, at least four departments (including 
at least one medical ward and one surgical ward) 
from each of the 13 hospitals were selected. Final-
ly, a convenience sampling (a specific type of non-
probability sampling method) was used to invite 
all registered nurses on duty in those selected de-
partments on the investigation day to participate. 
Nurses were excluded if they held administration 
positions without direct patient care responsibili-
ties.
A cross-sectional multicentric survey was conduct-
ed from November to December 2015 by four re-
search nurses. They were trained together before 
data collection. The training included the research 
goals, sampling methods, correct delivery and re-
turning process for the questionnaires. The ques-
tionnaires were delivered face to face, and the 
nurses completed the questionnaires anonymous-
ly and returned them to the investigators on the 
same day. No incentives were offered for participa-
tion. This study was approved by the ethics com-
mittee of the First Affiliated Hospital, College of 
Medicine, Zhejiang University, China. Informed 
consent was obtained from each investigated 
nurse. 
Methods 
Based on the CLSI H3-A6 guidelines, combining 
with the situation in China, a draft questionnaire 
on knowledge of venous blood sampling was de-
signed (9). Three nursing experts and two clinical 
laboratorians who specialize in specimen collec-
tion and management were invited to evaluate 
the content and expression of the questionnaire 
and revisions were made accordingly. The final 
version of the questionnaire comprised of two 
sections: demographic profiles of the nurses, such 
as age, education, hospital, department, profes-
sional title and questions (including single-choice 
questions, multiple-choice questions, and fill-in 
the blanks) on knowledge of venous blood sample 
collection. The latter part consists of issues from 
pre-sampling phase, sampling phase and post-
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sampling phase. A missing rate of no greater than 
20% in both sections was considered as a valid 
questionnaire. 
Statistical analysis
Frequency, percentage, quartile range, and medi-
an were used to describe nurses’ characteristics 
and knowledge level of phlebotomy. The Kolmog-
orov-Smirnov test was used to assess the normali-
ty of distribution of numerical data. Binary logistic 
regression analysis was conducted to determine 
the influence factors for the right or wrong mas-
tery on the questions of order of draw, definition 
of an inversion, time to release tourniquet and 
time to change tube, using age, education, hospi-
tal region, department and professional title as in-
dependent variables, and the P-value was calculat-
ed by the Wald Chi square test. A P-value less than 
0.05 was considered statistically significant. SPSS 
19.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis.
Results
A total of 3400 questionnaires were distributed 
across 13 hospitals from 4 regions of China (2 hos-
pitals from the northeast region, 3 hospitals from 
the central region, 4 hospitals from the east re-
gion, and 4 hospitals from the west region), and 
3077 valid questionnaires were returned, with an 
effective return rate of 90.5%. The demographic 
profile of the investigated nurses was shown in Ta-
ble 1.
Almost all the investigated nurses were aware that 
patient identification should be confirmed prior to 
venous blood sampling. However, only 69.7% of 
the nurses knew what identifiers should be used 
for identifying a patient and 58.8% of the nurses 
knew the right procedures to identify a patient 
who is conscious. In addition, the correct rate of 
hand sanitization and patient assessment were no 
less than 95%. The detailed results on phlebotomy 
knowledge of the pre-sampling phase were 
shown in Table 2. 
As Table 3 showed, the correct rates on the pre-
ferred vein for venipuncture, diameter of disinfec-
tion, proper time and approach for mixing tubes 
were relatively high (more than 85%). Although 
78.1% of the nurses knew proper tourniquet appli-
cation time, the correct rates on the tourniquet re-
leasing time (18.5%) and tourniquet applying loca-
tion (29.6%) were relatively low. The correct rate of 
tourniquet releasing time was associated with the 
regions of hospitals (P < 0.001), compared to the 
east region, the central region had the highest cor-
rect rate (odds ratio, OR = 0.68, 95% CI 0.51 - 0.92), 
followed by northeast region (OR = 0.69, 95% CI 
0.53 - 0.91), while the west region had the lowest 
correct rate (OR = 1.32, 95% CI 1.02 - 1.71) (Table 4). 
In addition, around two thirds of the investigated 
nurses knew that gloves should be worn during 
phlebotomy, yet only about one third knew the 
proper time to put on gloves. Furthermore, only 
15.5% of the nurses knew the right order of draw 









≤ 25 744 (24.2)
116 (3.8)
26 - 35 1812 (58.9)
36 - 45 322 (10.4)
≥ 46 83 (2.7)
Education level
Associate degree or less 1092 (35.5)
67 (2.2)
Bachelor degree or above 1918 (62.3)
Professional title
Staff nurses 1045 (34.0)
119 (3.9)Senior nurses 1418 (46.1)
Chief nurses or above 495 (16.1)
Department
Medical ward 1427 (46.4)
89 (2.9)
Surgical ward 990 (32.2)
Obstetrics and gynecological ward 165 (5.4)
Outpatient and Emergency 
department 280 (9.1)
Other wards 126 (4.1)
Table 1. The demographic profiles of the investigated nurses 
in the survey
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Table 2. Knowledge of pre-sampling phase of the investigated nurses in the survey





Should patient identity be confirmed prior to venous blood sampling? 
Yes* 3060 (99.4)*
17 (0.6) 3060 (99.4)
No 0 (0)
What identifiers should be used when identifying a patient? (multi-choice)
Patient’s full name† 3019 (98.1)†
31 (1.0) 2144 (69.7)§
Patient’s age 2068 (67.2)
Patient’s bed number 2754 (89.5)
Patient’s identification number† 2153 (70.0)†
What are the right procedures to identify a patient who is conscious? (multi-choice)
Ask a patient to give his/her full name* 2841 (92.3)*
68 (2.2) 1810 (58.8)§
Nurse state a patient’s full name or bed number 1614 (52.5)
Check a patient’s bracelet* 1896 (61.6)*
Check a patient’s bed tag 2238 (72.7)
How many times should a test request form be verified?
1 23 (0.7)
1236 (40.2) 1544 (50.2)
2 177 (5.7)
3† 1544 (50.2)†
≥ 4 97 (3.2)
What are the right approaches for hand sanitization? (multi-choice)
Hand disinfectant† 2836 (92.2)†
75 (2.4) 2999 (97.5)||
Soap and water† 93 (3.0)†
Disinfectant gel† 70 (2.3)†
Not necessary because gloves were used 3 (0.1)
What should be inspected about the supplies? (multi-choice)
Intact phlebotomy device package* 2849 (92.5)*
26 (0.8) 2411 (78.4)§
Applicable expiration dates of phlebotomy devices* 2797 (90.9)*
Looseness or defects of the tube closure* 2848 (92.5)*
Appropriate tubes according to the test requests* 2632 (85.5)*
What patient assessment should be included before venous blood sampling? (multi-choice)
Medication use† 1845 (60.0)†
19 (0.6) 1106 (95.0)¶
Diet restriction† 2922 (95.0)†
Strenuous exercise† 1433 (46.6)†
History of needle syncope† 1829 (59.4)†
Others (i.e. health history or allergy history) ______† 81 (2.6)
*Correct options based on the CLSI H3-A6 guidelines. †Correct options based on the situation in China. ‡A column of correct rate 
was established because some questions were multiple choice questions in the Table 2. §The question was considered correct only 
if all the correct options were chosen. ||The question was considered correct if at least one of the correct options was chosen. ¶The 
question was considered correct as long as the answer of diet restriction was chosen.
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Table 3. Knowledge of sampling phase of the investigated nurses in the survey
Questions Response rate,N (%)
Missing rate,
N (%)
Which vein is preferred for venipuncture? 
Median cubital vein / median vein* 2683 (87.2)*
62 (2.0)Basilic vein 289 (9.4)
Other veins 43 (1.4)
Where is the proper location to apply a tourniquet? 
3.5 - 5.0 cm above the venipuncture site 336 (10.9)
78 (2.5)
> 5.0 - < 7.5 cm above the venipuncture site 1577 (51.2)
7.5 - 10.0 cm above the venipuncture site* 910 (29.6)*
> 10.0 - < 12.5 cm above the venipuncture site 159 (5.2)
12.5 - 15.0 cm above the venipuncture site 17 (0.6)
How long can tourniquet application last?
≤ 60 seconds* 2402 (78.1)*
629 (20.4)
> 60 seconds 46 (1.5)




When is the proper time to put on gloves? 
Before assembling supplies 299 (9.7)
683 (22.2)
Before performing venipuncture* 2062 (67.0)*
Others______ 33 (1.1)
What is the proper diameter of disinfection?
< 5.0 cm 48 (1.5)
356 (11.6)
≥ 5.0 cm† 2673 (86.9)†
What is the proper angle of needle insertion?
≤ 30°* 1896 (61.6)*
124 (4.0)> 30 - ≤ 45° 1048 (34.1)
> 45° 9 (0.3)
When is the proper time to release the tourniquet?
After succeeding in performing venipuncture 898 (29.2)
117 (3.8)
As soon as blood flow is established* 569 (18.5)*
When blood half-fills the first tube 143 (4.6)
When blood fills the first tube 200 (6.5)
When blood fills the last tube 1150 (37.4)
When is the proper time to change tube during multi-tube sampling?
Until the vacuum is exhausted and blood flow ceases* 877 (28.5)*
179 (5.8)
Until the volume of the blood sample is sufficient based on your judgement 2021 (65.7)
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When is the proper time to mix the blood collection tube that contains additives?
Mix each tube instantly after blood sampling* 2889 (93.9)*
64 (2.1)
Mix all tubes together after blood sampling is completed 124 (4.0)
What is the proper approach for mixing blood with additives?
Inverting up and down* 2666 (86.6)*
91 (3.0)
Vibrating left and right 320 (10.4)





What is the proper approach for removing the needle and applying pressure?
Withdraw the needle prior to applying pressure* 2061 (67.0)*
54 (1.7)
Withdraw the needle after applying pressure 962 (31.3)
*Correct options based on the CLSI H3-A6 guidelines. †Correct options based on the situation in China.
Table 3. Knowledge of sampling phase of the investigated nurses in the survey - continued
Table 4. Logistic regression analysis of the mastery of order of draw, definition of one inversion, time to release tourniquet and time 
to change tubes
Variables Categorical Variables β SE Wals OR (95% Cl) P
Order of draw
Age (years) 0.024 0.015 2.504 1.02 (0.99 - 1.06) 0.114
Education level
Associate degree or less*
-0.026 0.132 0.039 0.97 (0.75 - 1.26) 0.843
Bachelor degree or above
Professional title 8.950 0.011
Staff nurses*
Senior nurses 0.169 0.154 1.199 1.18 (0.88 - 1.60) 0.274
Chief nurses or above - 0.429 0.272 2.497 0.65 (0.38 - 1.11) 0.114
Department
Hospital wards*
0.000 0.195 0.000 1.00 (0.68 - 1.47) 1.000
Outpatient & Emergency department
Hospital region 322.364 < 0.001
East region*
Northeast region - 2.617 0.159 270.396 0.07 (0.05 - 0.10) < 0.001
Central region 0.775 0.344 5.089 2.17 (1.11 - 4.26) 0.024
West region - 1.026 0.157 42.812 0.36 (0.26 - 0.49) < 0.001
Definition of 
one inversion
Age (years) - 0.012 0.012 1.040 0.99 (0.97 - 1.01) 0.308
Education level
Associate degree or less*
- 0.206 0.108 3.659 0.81 (0.66 - 1.01) 0.056
Bachelor degree or above
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Table 4. Logistic regression analysis of the mastery of order of draw, definition of one inversion, time to release tourniquet and time 
to change tubes - continued
Definition of 
one inversion
Professional title 2.819 0.244
Staff nurses*
Senior nurses 0.206 0.123 2.786 1.23 (0.97 - 1.56) 0.095
Chief nurses or above 0.254 0.218 1.363 1.29 (0.84 - 1.98) 0.243
Department
Hospital wards*
- 0.489 0.145 11.316 0.61 (0.46 - 0.82) 0.001
Outpatient & Emergency department
Hospital region 38.147 < 0.001
East region*
Northeast region - 0.651 0.133 24.064 0.52 (0.40 - 0.68) < 0.001
Central region - 0.714 0.143 24.972 0.49 (0.37 - 0.65) < 0.001
West region - 0.394 0.118 11.099 0.67 (0.54 - 0.85) 0.001
Time to release 
tourniquet
Age (years) - 0.007 0.012 0.287 0.99 (0.97 - 1.02) 0.592
Education level
Associate degree or less*
0.153 0.115 1.781 1.17 (0.93 - 1.46) 0.182
Bachelor degree or above
Professional title 2.189 0.335
Staff nurses*
Senior nurses - 0.061 0.135 0.205 0.94 (0.72 - 1.22) 0.651
Chief nurses or above - 0.314 0.229 1.888 0.73 (0.47 - 1.14) 0.169
Department
Hospital wards*
- 0.212 0.159 1.767 0.81 (0.59 - 1.11) 0.184
Outpatient & Emergency department
Hospital region 23.968 < 0.001
East region*
Northeast region - 0.367 0.139 6.965 0.69 (0.53 - 0.91) 0.008
Central region - 0.382 0.152 6.317 0.68 (0.51 - 0.92) 0.012
West region 0.279 0.132 4.496 1.32 (1.02 - 1.71) 0.034
Time to change 
tubes
Age (years) - 0.042 0.011 13.493 0.96 (0.94 - 0.98) < 0.001
Education level
Associate degree or less*
0.085 0.104 0.673 1.09 (0.89 - 1.34) 0.412
Bachelor degree or above
Professional title 5.431 0.066
Staff nurses*
Senior nurses - 0.246 0.123 3.994 0.93 (0.61 - 1.40) 0.046
Chief nurses or above - 0.078 0.211 0.136 0.78 (0.61 - 1.00) 0.712
Department
Hospital wards*
0.072 0.153 0.222 1.08 (0.80 - 1.45) 0.638
Outpatient & Emergency department
Hospital region 157.368 < 0.001
East region*
Northeast region - 1.416 0.124 129.659 0.24 (0.19 - 0.31) < 0.001
Central region 0.133 0.155 0.742 1.14 (0.84 - 1.55) 0.389
West region - 0.013 0.113 0.013 0.99 (0.79 - 1.23) 0.909
*Control group. β - regression coefficient. SE - Standard Error. Wals - Wald Chi square. OR - Odds Ratio. 95% Cl - 95% confidence 
interval. P - P-value. P < 0.05 was considered statistically significant.
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___Red / Yellow closure (Serum tube with or without clot activator, 
with or without gel plasma separator)
476 (15.5) 2120 (68.9) 481 (15.6)
___Blood culture tube
___Lavender closure (EDTA tube)
___Green closure (Heparin tube)
___Blue closure (1:9 Sodium citrate tube)
___Gray closure (Glycolytic inhibitor tube)
*The right answer is 3 - red / yellow closure, 1 - blood culture tube, 5 - lavender closure, 4 - green closure, 2 - blue closure, 6 - gray 
closure.
Table 5. Knowledge on order of draw during multi-tube sampling
rate was associated with the regions of hospitals (P 
< 0.001), compared to the east region, the north-
east region had the highest correct rate (OR = 0.07, 
95% CI 0.05 - 0.10), followed by the west region (OR 
= 0.36, 95% CI 0.26 - 0.49), while the central region 
had the lowest correct rate (OR = 2.17, 95% CI 1.11 - 
4.26) (Table 4). Regarding to the proper time to 
change tube during multi-tube sampling, the cor-
rect rate was 28.5%. Its correct rate was associated 
with the regions of hospitals (P < 0.001) and age of 
the nurses (P < 0.001), compared to the east re-
gion, the northeast region had a higher correct 
rate (OR = 0.24, 95% CI 0.19 - 0.31); and the older 
the nurses, the higher the correct rate (OR = 0.96, 
95% CI 0.94 - 0.99) (Table 4). As to the definition of 
an inversion, only 22.5% of the nurses knew the 
correct answer (Table 3). Its correct rate was associ-
ated with regions of hospitals (P < 0.001) and de-
partments of the nurses (P = 0.001), compared to 
the east region, the central region had the highest 
correct rate (OR = 0.49, 95% CI 0.37-0.65), followed 
by the northeast region (OR = 0.52, 95% CI 0.40 - 
0.68) and the west region (OR = 0.67, 95% CI 0.54 - 
0.85), while outpatient and emergency depart-
ment (OR = 0.61, 95% CI 0.46 - 0.82) had a higher 
correct rate compared to inpatient department 
(Table 4). The knowledge of mix by inverting times 
for blood collection tubes was shown in Table 6. 
Among all the investigated nurses, 1012 failed to 
respond to this question, with a missing rate of 
32.9%. As Table 6 showed, in four out of six tubes, 
the medians of responded times of tube inver-
sions were lower than those of recommended 
times. 
Fill the number of inversions in the blank for the 
different tubes respectively
Recommended 
number of tube 
inversions





Red closure (Non-additive serum tube) 0 0 2 5 285 (9.3)
Yellow closure (Tube with clot activator and gel plasma 
separator) 5 0 2 5 732 (23.8)
Lavender closure (EDTA tube) 8 2 4 8 856 (27.8)
Green closure (Heparin tube) 8 2 3 6 975 (31.7)
Blue closure (1:9 Sodium citrate tube) 3-4 2 4 5 1255 (40.8)
Grey closure (Glycolysis inhibitor tube) 8 2 3 6 676 (22.0)
Table 6. Knowledge of mix by inverting times for blood collection tubes
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Table 7. Knowledge of post-sampling phase of the investigated nurses in the survey
Questions Response rate, N (%) Missing rate, N (%)
Where is the right location for applying pressure to stop the bleeding?
Over the venipuncture site* 1774 (57.7)*
366 (11.9)
Beneath the venipuncture site 90 (2.9)
On the venipuncture site 823 (26.7)
Uncertain 24 (0.8)
How long should pressure applying last for a patient with risk of bleeding? 
2 minutes 135 (4.4)
422 (13.7)
3 minutes 483 (15.7)
4 minutes 60 (1.9)
≥ 5 minutes* 1977 (64.3)*





Where to dispose the needle after phlebotomy?
Medical waste dustbin 28 (0.9)
51 (1.6)Sharps container* 2996 (97.4)*
Common waste dustbin 2 (0.1)
What is the proper approach to dispose the needle? 
Dispose directly with one hand† 1481 (48.1)†
57 (1.9)
Dispose after detaching the device with both hands 1539 (50.0)
When is the proper time to label blood collection tubes?
Label the tube when verifying the test request form before sampling† 2782 (90.4)†
53 (1.7)Label the tube after filling, in presence of the patient 234 (7.6)
Label the tube after leaving the patient 8 (0.3)




*Correct options based on the CLSI H3-A6 guidelines. †Correct options based on the situation in China. 
The correct rates on where to dispose needle, 
post-venipuncture education and tube labelling 
were relatively high (more than 85%). However, 
half of the investigated nurses considered the dis-
posal of the needle after detaching the device 
with both hands acceptable practice. Around one 
quarter of the nurses stated that there was no 
need of documenting the time and person of 
blood collection. The detailed results on the phle-
botomy knowledge in the post-sampling phase 
were shown in Table 7.
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Discussion
To the best of our knowledge, few surveys were 
conducted on assessing the knowledge level of 
phlebotomy in Chinese nurses up to now. In addi-
tion, the surveys were conducted more than 5 
years ago, and included only one or two hospitals, 
unable to provide a reliable reference for the over-
all situation of nurses’ knowledge on phlebotomy 
at present (14,15). The level of knowledge on phle-
botomy among Chinese nurses was found to be 
not quite satisfactory. Compared with previous 
survey in China, some progress had been made in 
the steps of patient preparation, tourniquet appli-
cation time and test tube labeling, while the sur-
vey also showed that the mastery of some knowl-
edge on venous blood sampling needed to be im-
proved (14,15).
A high accuracy of patient identification is crucial 
to ensure patient safety, and a proper patient iden-
tification must rely on at least two independent 
identifiers. In our survey, the identifiers selected 
for identifying a patient include bed number 
(89.5%), and the approaches for identifying in-
clude nurses stating a patient’s bed number. Ac-
cording to the CLSI H3-A6 guidelines and Joint 
Commission International requirements, bed 
number can’t be used as an independent identifier 
for patient identification, due to the fact that it is 
not a unique index representing a patient (9,16). A 
misidentification could occur if judging only via 
the bed number and potentially causes serious 
consequences. Therefore, it is important to select 
the full name and patient identification number as 
the identifying variables.
The CLSI H3-A6 guidelines recommend that tour-
niquet application time should not exceed one 
minute and tourniquet should be released as soon 
as possible after the blood begins to flow to pre-
vent spurious variation of several plasma analytes. 
The correct rate on tourniquet releasing time was 
low (18.5%) in our survey. A European survey 
showed that 43.0% of the nurses did not release 
the tourniquet when the first test tube had blood 
inflows (4). It is possible that nurses would not re-
lease tourniquet before the blood collection pro-
cess is completed to avoid vein collapsing. Further 
studies are needed to explore whether this con-
cern is evidence based or not. 
Nonsterile gloves should be worn during sampling 
phase to prevent the spread of blood-borne path-
ogens among health-care professionals. As our in-
vestigation showed, nearly one third of the nurses 
were not aware of this requirement. A Kenyan sur-
vey showed that more than two-thirds of the nurs-
es did not use a new pair of gloves in phlebotomy, 
while a European survey also found that more 
than half of the nurses did not wear gloves cor-
rectly during blood collection (4,5). Mbah consid-
ered this issue could be caused by a limited supply 
of gloves or a concern that a vein would not be 
able to feel with gloves on (17). We thought it was 
also possible that the nurses did not attach ade-
quate importance on wearing gloves during sam-
pling. Therefore, it is important to promote a rou-
tine use of gloves during blood sample collection.
A correct order of draw prevents the sample being 
contaminated by additives from previous tubes, 
which could cause an erroneous result. In fact, 
contamination of blood sample occurred fre-
quently if the correct order of test tubes was not 
strictly followed (18). As our investigation showed, 
only a small proportion of the nurses (15.5%) were 
aware of the correct order of multi-tube blood 
sampling whereas most of the nurses (91.9%) in 
Europe knew the answer (4). One cause of the low 
correct rate among Chinese nurses on order of 
draw was related to the fact that no unified stand-
ard on order of draw existed in China, while the or-
der taught in different textbooks varied widely 
(9,13). In addition, some studies have pointed out 
that an incorrect order of draw would not cause 
contamination when samples were taken under 
ideal phlebotomy conditions (19). However, other 
authors have argued that clinical blood collection 
was rarely carried out in an ideal condition and 
therefore it was recommended that phlebotomy 
should be executed in the order described in the 
CLSI H3-A6 guidelines (20). Furthermore, there are 
many types of vacuum tubes used in phlebotomy, 
thus it is not easy to keep the right combination 
order of the tubes in mind. To promote compli-
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ance with the right order of draw, we recommend 
the tube manufacturer to label the correct order 
of draw on the test tubes. Alternatively, the labora-
tory information system can be improved by add-
ing the correct order of draw into the bar code of 
information printing system as a reminder.
Proper mixing is important for homogenizing the 
collected blood with the additives in the test tubes 
(12). An inversion means the test tube is inverted 
up and down for 180 degrees. As the survey 
showed, few nurses (22.5%) in China were aware 
of the correct definition of an inversion and the 
mix by inverting times for most tubes was below 
the standard. Giving that the Chinese nurses had a 
misunderstanding on the definition of an inver-
sion, the actual mixing time might be even lower. 
One study in Turkey showed that the correct rate 
of tube mixing after blood collection was 44.1%, 
while an observation study from Kenya also 
showed that nearly 90% of the sampling tubes 
were not properly mixed (5,7). Inadequate mixing 
of blood and anti-coagulations would increase the 
risk of blood coagulation. There was report show-
ing that China had a high clot rate of rejected 
specimens for complete blood count testing 
(77.38%), which could possibly be caused by insuf-
ficient mixing (21). Therefore, it is necessary for 
nurses to master the correct mixing times of vari-
ous types of test tubes. Since it is not easy for nurs-
es to remember the correct number of inversions 
for different blood collection tubes, we recom-
mend manufactures to label the mixing times on 
the tubes. Adding the mixing times on the bar 
code of the laboratory information system by hos-
pital information department could be another 
option.
During blood collection, it is important to allow 
the tube to fill until the vacuum is exhausted and 
blood flow ceases. This will ensure there is a cor-
rect ratio of blood to additives for tubes that con-
tain additives. In our survey, more than two-thirds 
of the nurses answered this question incorrectly, 
which might be related to the fact that nurses 
were used to judge the blood volume based on 
personal experience in the past when syringe and 
needle were commonly used. A Kenya study found 
that 87% of the volume of the sample was inade-
quate (5). Too high final concentration of the addi-
tive may result in pre-analytical errors such as 
haemolysed sample, changes in cell morphology, 
prolonged coagulation times (22). Thus, it is neces-
sary to educate nurses about the importance of 
correct ratio of blood to additives.
Among the three phases of venous blood sample 
collection, the mastery of knowledge of the sam-
pling phase was the most unsatisfactory. Com-
pared with knowledge on the venous blood sam-
pling procedure, Chinese nurses knew less on 
blood specimen quality control, probably because 
the nurses were more concerned about the phle-
botomy procedure instead of quality of blood 
sample. This may also reflect the inadequacy of 
phlebotomy training received by Chinese nurses. 
This result is consistent with the previous findings 
in China (12,14). 
The order of draw, definition of an inversion, time 
to release tourniquet, and time to change tube 
were the four questions with relative low correct 
rates, which were mainly influenced by the region 
of the hospitals as shown in the logistic regression 
analysis. We assume this might be related to the 
different policy and training on phlebotomy of the 
hospitals. It is urgently needed to establish a na-
tional guideline for blood collection to enhance 
the consistency among different hospitals and im-
prove the quality of specimen collected.
There are some limitations in our study. First, the 
questionnaire for investigation was self-designed 
without undergoing a thorough reliability and va-
lidity test. In addition, some questions had a high 
missing rate, which might bias our results. It is rec-
ommended that a standardized questionnaire 
would be developed to investigate the mastery of 
blood sampling knowledge among Chinese nurs-
es in future. Second, our main research aim is to 
assess nurses’ overall knowledge on phlebotomy 
in tertiary hospitals in China, and in future it is also 
worthwhile to explore factors influencing knowl-
edge level. Third, considering there is a knowl-
edge-behavior gap, we highly recommend that an 
observational study of the blood sampling prac-
tice among nurses would be conducted in future 
for further assessing the compliance of phleboto-
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my with the guidelines. Despite the aforemen-
tioned limitations, our survey had a relatively large 
sample size covering a wide range of regions in 
China, and the questions addressed in the ques-
tionnaire were quite comprehensive. Thus, we be-
lieved that this survey provided important base-
line data for understanding the status on the mas-
tery of phlebotomy knowledge among the nurses 
in China.
In conclusion, the mastery of phlebotomy knowl-
edge among Chinese nurses still has much room 
to improve. Cooperation between the nursing de-
partment and the laboratory should be encour-
aged to develop targeted intervention for Chinese 
nurses to enhance the mastery of phlebotomy 
knowledge, particularly in the area of quality con-
trol of blood samples.
Acknowledgements 
This study was funded by Grant Zhejiang Provin-
cial Program for the Cultivation of High-level Inno-
vative Health Talents.
Potential conflict of interest 
None declared.
References
1. Nikolac N, Šupak Smolčić V, Šimundić A-M, Ćelap I. Croati-
an society of medical biochemistry and laboratory medi-
cine: national recommendations for venous blood sam-
pling. Biochem Med (Zagreb) 2013;23:242-54. https://doi.
org/10.11613/BM.2013.031
2. Abdollahi A, Saffar H, Saffar H. Types and Frequency of 
Errors during Different Phases of Testing At a Clinical Me-
dical Laboratory of a Teaching Hospital in Tehran, Iran. N 
Am J Med Sci 2014;6:224–8. https://doi.org/10.4103/1947-
2714.132941
3. Simundic AM, Cornes M, Grankvist K, Lippi G, Nybo M, Ko-
valevskaya S, et al. Survey of national guidelines, educati-
on and training on phlebotomy in 28 European countries: 
an original report by the European Federation of Clinical 
Chemistry and Laboratory Medicine (EFLM) working gro-
up for the preanalytical phase (WG-PA). Clin Chem Lab Med 
2013;51:1585-93. https://doi.org/10.1515/cclm-2013-0283
4. Simundic AM, Church S, Cornes MP, Grankvist K, Lippi G, 
Nybo M, et al. Compliance of blood sampling procedures 
with the CLSI H3-A6 guidelines: an observational study by 
the European Federation of Clinical Chemistry and Labo-
ratory Medicine (EFLM) working group for the preanalyti-
cal phase (WG-PRE). Clin Chem Lab Med 2015;53:1321-31. 
https://doi.org/10.1515/cclm-2014-1053
5. Kimani D, Kamau R, Gadde R, Selenic D, Maina S, Marum 
L, et al. Findings of phlebotomy practices in Kenya in 2010: 
need for action. J Infect Dis 2016;213 Suppl 2:S53-8. https://
doi.org/10.1093/infdis/jiv747
6. Seemann TL, Nybo M. Continuous quality control of the 
blood sampling procedure using a structured observation 
scheme. Biochem Med (Zagreb) 2016;26:337-45. https://doi.
org/10.11613/BM.2016.037
7. Yuksel H, Kaplan I, Toprak G, Evliyaoglu O, Kus S, Azizoglu 
M, et al. A questionnaire study among nurses: awareness of 
blood and urine sample collection procedures. Clin Chem 
Lab Med 2014;52:e159-61. https://doi.org/10.1515/cclm-
2013-1118
8. Lippi G, Mattiuzzi C, Guidi GC. Laboratory quality improve-
ment by implementation of phlebotomy guidelines. MLO 
Med Lab Obs 2006;38:6-7.
9. Clinical and Laboratory Standards Institute (CLSI). Procedu-
res for the collection of diagnostic blood specimens by ve-
nipuncture; approved standard, 6th ed. CLSI document H3-
A6. Wayne (PA): CLSI, 2007.
10. World Healthcare Organization. WHO guidelines on 
drawing blood: best practices in phlebotomy. World Health 
Organization, 2010. Available at: http://www.who.int/injec-
tion_safety/sign/drawing_blood_best/en/. Accessed Febru-
ary 11th 2017.
11. Chen YR, HuangXY, Huang XM, Cai LM, Bao XY, Chen SG. 
Survey and analysis on education status of knowledge on 
blood sample collection for clinical nurses. Nursing and Re-
habilitation Journal 2015;14:119-25.
12. National health and Family planning commission of the 
People’s Republic of China. Available at: http://www.nhfpc.
gov.cn/xxgk/pages/wsbzsearch.jsp. Accessed July 11th 2017.
13. Ni JY, Shi WF, Qiang LP, Tan MJ, Zhang L. The practice and 
effects of pre-analysis quality control of laboratory te-
sts by nursing department. Chinese Journal of Nursing 
2010;45:726-7.
14. Xu XC, Zheng QJ, Yu Q. Survey and analysis on cognitive 
condition on quality control of blood sample for clinical nu-
rses. Nursing and Rehabilitation Journal 2011;10:1031-2.
15. Ge XC, Sun H, Gao ZF, Li JP. Survey of cognition the relevant 
knowledge of blood specimen collection in nurses. Chinese 
Nursing Research 2012;26:1190-3.
16. The Joint Commission. Two patient identifiers-
NPSG.01.01.01. Available at: http://www.jointcommissi-
on.org/standards_information/npsgs.aspx. Accessed April 
12th 2017.
17. Mbah HA. Phlebotomy and quality in the African labora-
tory. Afr J Lab Med 2014;3:132-6. https://doi.org/10.4102/
ajlm.v3i1.132
https://doi.org/10.11613/BM.2018.010703 Biochem Med (Zagreb) 2018;28(1):010703 
  13
Cai Q. et al. Nurses’ knowledge on phlebotomy in China
21. Zhang L, Yang X, Wang W, Wang Z. National survey on spe-
cimen acceptability for complete blood count testing of cli-
nical laboratories in China. Int J Lab Hematol 2016;38:e48-
51. https://doi.org/10.1111/ijlh.12472
22. Lippi G, Banfi G, Buttarello M, Ceriotti F, Daves M, Dol-
ci A, et al. Recommendations for detection and manage-
ment of unsuitable samples in clinical laboratories. Clin 
Chem Lab Med 2007;45:728-36. https://doi.org/10.1515/
CCLM.2007.174
18. Cornes M, van Dongen-Lases E, Grankvist K, Ibarz M, Kri-
stensen G, Lippi G, et al. Order of blood draw: opinion pa-
per by the European Federation for Clinical Chemistry and 
Laboratory Medicine (EFLM) working group for the prea-
nalytical phase (WG-PRE). Clin Chem Lab Med 2017;55:27-
31. https://doi.org/10.1515/cclm-2016-0426
19. Indevuyst C, Schuermans W, Bailleul E, Meeus P. The or-
der of draw: much ado about nothing? Int J Lab Hematol 
2015;37:50-5. https://doi.org/10.1111/ijlh.12230
20. Sulaiman RA, Cornes MP, Whitehead SJ, Othonos N, Ford 
C, Gama R. Effect of order of draw of blood samples du-
ring phlebotomy on routine biochemistry results. J Clin 
Pathol 2011;64:1019-20. https://doi.org/10.1136/jclin-
path-2011-200206
